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Kgs of CO2 per ton of cementitious material. Reductions vs. 1990 baseline
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<475 kgs by 
2030

>40% reduction

520 kgs by 2025
35% reduction

165 kgs by 2030
35% reduction

Net zero by 2050

Aligning sustainability targets to Well-Below 2-Degree Scenario
of Science Based Targets initiative

Announcing a medium-term carbon reduction goal in concrete
of 165 kgs of CO2 by 2030
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P R O D U C T I O N  P R O C E S S
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T E M P E R A T U R E S
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Heat Expenditure
Dry Process

Kcal/ kg clinker
Dry Process 

(%)
Theoretical calcination/ clinkerization 396 44.4

water dry 4 0.4

Exit gas losses 184 20.6

Dust Losses 5 0.6

Radiation & convection 154 17.3

Losses at cooler 109 12.2

Others 40 4.5

Total 892  kcal/ kg clinker

E N E R G Y  R E Q U I R E M E N T S
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Pre-heater

C O 2 G E N E R A T I O N

FUEL COMBUSTION

CALCINATION

38% CO2

25% CO2

Calciner

62% CO2
Pre-heater

13% CO2

892 kcal/ kg clinker Total CO2:  828 kg/ton Clinker 



SO
LA

R-
D

RI
V

EN
 P

Y
RO

-P
RO

C
ES

SI
N

G
 O

F 
C

LI
N

K
ER

 DRIVE FULL PROCESS WITH SOLAR 
ENERGY in line with conventional 
process flow

 NO CO2 emissions
 NO fuel costs

High Level Conceptualization – Inspiration of the Aspiration 



Daytime Operation

Thermal Energy 
Storage (TES)
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Heliostats

Grate coolerRotary kiln

Preheating tower

Receiver

Thermal energy storage (TES)

Backup burner 

Piping

Integration topics list:
1. Solar field dimensioning
2. Thermochemistry of clinker
3. Transport of the heat transfer fluid

3.1. Temperature losses in piping
3.2. High-temperature fans

4. Weather-dependent energy availability
4.1. Piping transients and TES positioning
4.2. Receiver transients

5. Fuel backup
6. Energy transfer in kiln by non-luminous flame
7. Dust handling
8. Clinker quality
9. Redesign of conventional plant components
10. Leakages of CO2 in HTF circuit

Concept:

Heat HTF at the top of the solar tower and use HTF to
heat up the material and deliver required energy at the
pyro-processing stages

INTEGRATION CHALLENGES



INTEGRATION CHALLENGES
HTF CLINKERIZATION AND CALCINATION
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 Impact of the Heat Transfer Fluid (HTF) on the heating zones including residence time
 Heat exchange efficiency between material as a function of CO2/ H2O ratios 
 Shifts of heating curves and phases formation

* Nørskov, L. K., Dam-Johansen, K., Glarborg, P., Jensen, P. A., & Larsen, M. B. (2012). Combustion of solid alternative fuels in the cement kiln burner. Kgs. Lyngby: Technical University of 

Denmark (DTU).



TE
C

H
N

O
LO

G
IC

A
L 

V
A

LI
D

A
TI

O
N

 –
K

EY
 M

IL
ES

TO
N

ES

Observations

• The cements prepared with both clinkers 
(100% air and 100%CO2) present the same 
performance

• High CO2 concentration in the HTF will not 
affect the clinkerization temperature, 
nerveless it will displace the calcination of 
raw meal at higher temperature 50-150°C 

INTEGRATION CHALLENGES
MATERIAL QUALITY & PERFERMANCE



CONFIGURATION INTERVENTION SCHEME

Solar Calcination

Full Solar
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Calcination “Lab” Pilot
250kWth

Calcination Pilot
1 MWth

Full Solar
10 MWth

Full Scale Integration
100MWth

Industrial Scale
150MWth
900 tpd



200 kW Receiver Prototype & Testing reaching 1500 ⁰C 
(Germany, summer-fall 2019) 
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